The association of latent tuberculosis infection (LTBI) with subsequent cancer remains unclear. We investigated the risk of future cancer among tuberculosis (TB) contacts with or without subsequent TB activation. Using the Taiwan National Health Insurance Research Database, we conducted a nationwide population-based study. TB contacts during 1997 to 2012 were included as the study cohort. Patients with antecedent cancer and TB were excluded. Data from 11,522 TB contacts and 46,088 age-, sex-, and enrollment date-matched subjects during 1997 to 2012 were analyzed. The 2 cohorts were monitored until December 31, 2012 for incidence of cancer and TB infection. LTBI was defined as a TB contact with subsequent TB activation. The primary endpoint was occurrence of newly diagnosed cancer. There was no difference in cancer development between the TB contact cohort and comparison cohort (log-rank test, P ¼ 0.714). After multivariate adjustment, the hazard ratio (HR) for cancer among the LTBI patients was 2.29 [95% confidence interval (CI), 1.26-4.17; P ¼ 0.007]. There was increase in cancer incidences for several specific cancer types, including multiple myeloma (HR 340.28), lung (HR 2.69), kidney and bladder (HR 6.16), hepatobiliary (HR 2.36), and gastrointestinal (HR 2.99) cancers. None of the 136 TB contacts who received isoniazid prophylaxis developed cancer. LTBI patients had a higher risk of future cancer.
INTRODUCTION
C ancer and pulmonary tuberculosis (TB) are major global health concerns and are associated with substantial morbidity and mortality. Cancer affects populations worldwide, and the global burden of cancer is increasing: 14.1 million new cancer cases and 8.2 million cancer-related deaths were reported in 2012, and 20 million new cases are expected in 2020. 1 In many countries cancer is the most common cause of death. Worldwide trends show that the burden of cancers associated with environmental risk factors is increasing in developing countries. In Taiwan, 2014 was the 33rd consecutive year in which cancer was the leading cause of death nationwide. Fortunately, the general public is increasingly aware that some cancers can be prevented by avoiding risk factors.
In 2013, there were 9.0 million new cases of active TB worldwide; 2 thus, any association between TB and cancer is of great clinical importance. Most (56%) of the 9 million people who developed TB in 2013 live in Southeast Asia or the Western Pacific region. Among infectious diseases in Taiwan, TB has had the highest incidence and mortality rates for decades. In 2012, there were 53 new cases per 100,000 population and 2.7 tuberculosis-related deaths per 100,000 population in the country. A patient with uncontrolled active TB will infect an average of 10 to 15 people per year. 2 Latent tuberculosis infection (LTBI) is a state of persistent immune response to TB without evidence of clinically active TB. Only 5% to 10% of people infected with TB will develop clinical manifestations of active TB within 2 years after exposure. About 90% of TBinfected patients have LTBI, and the lifetime chance that LTBI will progress to overt, active TB is only 10%.
TB is a chronic infectious and inflammatory disease. The association between active TB and subsequent cancer development has been investigated for several decades, and systematic reviews 3, 4 have shown a relation between TB and cancer development. Recent population-based studies found that TB might increase the risks of lung cancer [5] [6] [7] and other cancers 8 (eg, esophageal, head, and neck cancers). Several studies have reported a strong association between tuberculosis and lung cancer. TB-related chronic inflammation and infection is a possible mechanism of cancer pathogenesis. However, the relation between LTBI and subsequent cancer development remains unclear, and no large-scale study has investigated this association. We hypothesized that LTBI increases the risk of cancer development. To evaluate this hypothesis, we conducted a nationwide population-based study of cancer risk among TB contacts and patients with LTBI.
all Taiwanese medical care data. The Taiwan National Health Insurance (NHI) program is a mandatory universal health insurance program since 1995 (http://nhird.nhri.org.tw/en/ index.htm). The National Health Research Institutes (NHRI) administers the Taiwan NHI program and records the entire insurance claims database, which is referred to as the NHIRD. The NHI program covers inpatient, outpatient, and emergency care, as well as medical procedures, surgical procedures, and prescription drugs. The NHIRD has detailed health care data and covered all inpatient and ambulatory medical claims for more than 99% of the entire Taiwanese population. 9 To keep individual information confidential, personal information that could identify individual patients is encrypted. The Longitudinal Health Insurance Database (LHID) is a representative database of 1 million patients. Three subsets of the NHIRD, LHID 2000, LHID 2005, and LHID 2010, which contains claims data of 1-million beneficiaries randomly selected from the NHIRD in 2000, 2005, and 2010, respectively. The present study was conducted by analyzing the LHID 2005 from 1996 to 2012. The NHI Database of Catastrophic Illness is a subset of the NHIRD that records comprehensive health care information on all patients with catastrophic illnesses like malignancies. Patients with catastrophic illnesses are exempted from copayments under the NHI program. Numerous studies have also been published using data from the NHI program.
Study Cohort
Using data from the Taiwan NHIRD, we conducted a retrospective cohort study of the period from January 1, 1996 through December 31, 2012. In this cohort study, we selected subjects aged 20 years or older who were newly diagnosed with TB contact between January 1, 1996 and December 31, 2012. TB contact was defined as an International Classification of Diseases, 9th Revision, Clinical Modification (ICD-9-CM) code of V01.1 with at least 1 chest radiographic examination or an ICD-9-CM code of 795.5. In this study, we enrolled adults newly classified as a TB contact as the study cohort. Patients who had received a diagnosis of cancer (ICD-9-CM codes 140-208) or TB disease (ICD-9-CM codes 011-018) before being classified as a TB contact were excluded. In this study, TB contacts who developed subsequent TB activation were included in the LTBI cohort. Information on age, sex, monthly income, and comorbidities was collected for analysis. This study was approved by the Institutional Review Board of Taipei Veterans General Hospital (VGHIRB No. 2015-04-004AC).
Comparison Group
For each newly classified TB contact, 4 age-and sexmatched subjects were randomly selected using the same index date. Comparison subjects were selected using computer software and incidence density sampling. 10 Comparison subjects were excluded if they had received a diagnostic code for TB contact, preexisting TB disease, or cancer before inclusion in the study. TB contacts and the matched groups were followed until a diagnosis of cancer, death, withdrawal from the NHI system, or December 31, 2012.
Variables
Subject characteristics such as age, sex, and monthly income were retrieved and matched between groups. Covariates identified in previous studies as risk factors for cancer or as major comorbidities linked to TB were assessed in the analyses, including diabetes mellitus, coronary heart disease, heart failure, cerebrovascular disease, hypertension, systemic lupus erythematosus, rheumatoid arthritis, chronic kidney disease/ end-stage renal disease, liver cirrhosis, asthma, chronic obstructive pulmonary disease, and nontuberculous mycobacterium.
Outcomes
The endpoint of the study was incident cancer. The Registry for Catastrophic Illness was used to identify patients who received a cancer diagnosis. Peer review of pathohistologic reports is required before a cancer diagnosis is reported to the Registry for Catastrophic Illness. All patients were followed from the date of enrollment until a first diagnosis of cancer, date of death, withdrawal from national health insurance, or December 31, 2012.
Validation
Identification of patients with an ICD-9-CM code for TB contact was validated by analysis of randomly selected samples (300 outpatients) from the claims database of Taipei Veterans General Hospital (a 2800-bed tertiary referral hospital in Taiwan) for 2011 to 2013. The content of this database is used for reimbursement and is similar to that of the NHIRD. Two pulmonologists (VY-FS and S-WP) independently reviewed the clinical and imaging data from the selected samples. All instances of disagreement were resolved by consensus. We defined a TB contact as someone who had close contact with a TB patient for longer than 8 hours. To assess interobserver agreement on identification of TB contacts, we calculated the Cohen kappa coefficient (k) to express probability beyond chance (k ¼ 0.00-0.40, slight-to-fair agreement; k ¼ 0.40-0.60, moderate agreement; k ¼ 0.60-0.80, good agreement; k ¼ 0.80-1.00, excellent agreement).
Statistical Analysis
All data extraction, matching, and computation were done using the SAS 9.4 software package (SAS Institute, Cary, NC). Comparisons between 2 groups were made by the independent Student t test (for continuous variables) or Pearson x 2 test (for categorical variables), as appropriate. The Kaplan-Meier method was used for analysis of survival, with significance assessed by the log-rank test. We used univariate and multivariate conditional Cox proportional hazards models to identify predictors of cancer development among patients. Risk factors with a P value less than 0.1 were entered into the multivariate analysis. All statistical analyses were performed using IBM SPSS statistical software (version 19.0 for Windows; IBM Corp, New York, NY). All data are expressed as means AE standard deviation (SD) or percentages unless otherwise stated. A P value less than 0.05 was considered to indicate statistical significance.
RESULTS

Characteristics of the Study Population
We identified 14,654 individuals who had been classified as a TB contact during the period from January 1, 1996 through December 31, 2012. After excluding those younger than 20 years (n ¼ 2748), those with antecedent cancer (n ¼ 169), and those with antecedent TB disease (n ¼ 215), 11,522 patients were included in the TB contact group. Another 46,088 subjects without TB contact were randomly selected for inclusion in the comparison group. For the period 1996 to 2012, we observed the TB contact and comparison cohorts for 34,558 and 155,347 person-years, respectively. Supplemental Figure 1 , http:// links.lww.com/MD/A642 shows the process of enrollment and follow-up. The basic characteristics of the TB contact cohort and matched cohort are shown in Table 1 . During the follow-up period, there were 191 (1.66%) cancer events in the TB contact cohort and 886 (1.92%) cancer events in the matched cohort (P ¼ 0.066). Incidences in the TB contact cohort and control group were 55.27 and 57.03 persons per 10,000 person-years, respectively.
Incidence of cancer development did not significantly differ between the TB contact cohort and comparison cohort (log-rank test, P ¼ 0.714, Figure 1 ). As compared with patients without cancer, the subgroup with incident cancer had a higher proportion of women (54.9%) and higher proportions of individuals with diabetes mellitus, coronary heart disease, heart failure, cerebrovascular disease, hypertension, systemic lupus erythematosus, rheumatoid arthritis, chronic kidney disease/ end-stage renal disease, liver cirrhosis, asthma, and chronic obstructive pulmonary disease (Supplemental Table 1 , http:// links.lww.com/MD/A642). After multivariate adjustment, TB contact was not associated with incident cancer (Supplemental Table 2 , http://links.lww.com/MD/A642).
We analyzed the association between cancer development and TB contact with or without subsequent TB activation. Of the 130 LTBI patients (TB contact with subsequent TB activation), 11 (8.46%) developed cancer. The log-rank test showed a higher cumulative incidence of cancer in the LTBI group than in the TB contacts without subsequent TB activation during follow-up (P < 0.001; Figure 2 ). This suggests that the risk of subsequent cancer is higher for individuals with LTBI than for TB contacts without subsequent TB activation. Furthermore, analysis of the association between cancer development and isoniazid prophylaxis for TB contacts showed that none of the 136 TB contacts who received isoniazid prophylaxis developed cancer (P ¼ 0.442; Figure 3 ). Also, none of the 9 LTBI patients with isoniazid prophylaxis developed cancer (P ¼ 0.511; Supplemental Figure 2 , http://links.lww.com/MD/A642). Interestingly, after multivariate adjustment, the hazard ratio (HR) for ; P < 0.001) and the HR for TB contacts receiving isoniazid prophylaxis was 0.00 (P ¼ 0.880; Table 2 ). The association between LTBI and risk of specific cancer types is summarized in 
Validation
During the period from January 1, 2011 through December 31, 2013, 1737 outpatients had claims data indicating exposure to tuberculosis, from which 300 patients were randomly selected for validation. Among the 300 patients, the diagnosis of TB exposure was confirmed for 295 subjects and unconfirmed for 5 subjects (sensitivity, 98.3%). Interobserver agreement was excellent (k ¼ 0.91; 95% CI, 0.89-0.93).
DISCUSSION
To date, this has been the largest cohort study of cancer risk among TB contacts and the LTBI cohort. The incidence of cancer development was increased in the LTBI cohort (TB contacts with subsequent TB activation). As compared with the general population, the LTBI cohort had an HR of 2.29 for cancer risk. However, TB contact was not associated with increased cancer risk. Interestingly, none of the 136 TB contacts who received isoniazid prophylaxis developed cancer.
The relationship between pulmonary TB and subsequent lung cancer development has been investigated for several decades. The causal relation between TB and carcinoma had been discussed in case reports, case-control studies, and cohort studies. A systematic review 3 of studies published between January 1966 and December 2008 investigated the association between TB and the risk of subsequent lung cancer. A total of 47 articles were included. Preexisting TB significantly increased lung cancer risk (relative risk, 1.74; 95% CI, 1.48-2.03). The increase in lung cancer risk appeared to be highest within the first 5 years after active TB infection. However, the risk remained elevated for more than 20 years after a TB diagnosis. A meta-analysis 4 of studies published during the period from January 1960 to August 2010 confirmed the results of the review: previous pulmonary TB was associated with an increased risk of lung cancer.
In contrast to Western countries, TB remains endemic in the Asia-Pacific and Africa. 2 Three cohort studies from the Asia-Pacific 5-7 and 1 cohort study from Europe 11 investigated lung cancer risk among TB patients. Wu et al 5 and Yu et al 6 used data from the Taiwan NHIRD to conduct a nationwide population-based study of lung cancer risk after pulmonary TB infection. The results of these 2 cohort studies 5, 6 from Taiwan are consistent with those from the previous meta-analyses. 3, 4 Wu et al 5 enrolled 5657 TB patients and 23,485 age-and sex- matched controls for the period 1997 to 2008, who were followed until 2008. As compared with the controls, the HR for lung cancer in the TB cohort was 1.64 (95% CI, 1.24-2.15). Yu et al 6 recruited 712,392 subjects without TB and 4480 patients with newly diagnosed TB during 1998 to 2000 and followed them until 2007. As compared with the controls, the incidence of lung cancer was 11-fold higher in patients with TB, and the HR for the TB cohort was 4.37. A population-based cohort study 7 from Korea reported similar results. These cohort studies from Asia indicate that the risk of lung cancer is 2-fold to 4-fold higher among TB patients. Using Danish nationwide databases, Simonsen et al 11 conducted a population-based cohort study comparing cancer risk in TB patients and the general population. The standardized incidence ratio for lung cancer was 3.40 (95% CI, 3.09-3.74). In addition, TB infection is reported to be associated with increased risk of nonpulmonary malignancies. A population-based study of the Taiwan NHIRD found that the risks of several nonpulmonary cancers were higher after a tuberculosis diagnosis. 8 The standardized incidence ratio for multiple myeloma was 2.43 (95% CI, 0.66-6.21). In the Danish population-based cohort study 11 the standardized incidence ratio for nonpulmonary cancer was 1.29 (95% CI, 1.22-1.36). However, no patient developed multiple myeloma in Danish study. One important finding of this study is that multiple myeloma may be more likely to occur in the LTBI patients.
We hypothesize that chronic inflammation and sustained infection are important in the pathogenesis of cancer in patients with LTBI. Several studies have found that chronic infection and inflammation, 12 such as viral infections, 13, 14 autoimmune diseases, 15 and tuberculosis, 3, 4 are associated with cancer. Individuals infected with Mycobacterium tuberculosis have only a 10% chance of converting to active TB infection during their lifetime. Most infected individuals develop LTBI, which is defined as M tuberculosis infection without clinical signs or symptoms of disease and a normal chest radiograph. LTBI represents a state of equilibrium in which the host is able to control M tuberculosis infection but not completely eradicate the bacteria. Chronic infection results in sustained tissue damage, cellular proliferation, and tissue repair. Chronic sustained infection in damaged tissue results in metaplasia or dysplasia. 16 Chronic sustained M tuberculosis infection may also contribute to carcinogenesis. This is the first study to address the relationship of LTBI and subsequent cancer development. Our research design, which included an unbiased subject selection, a strict definition of TB exposure, and age-, sex-, and index date-matched comparison subjects, increases the validity of our findings. In Taiwan, TB has for decades been the most commonly reported infectious disease, and strength of this study is the rigorous TB reporting system in Taiwan. Every case of active TB must be reported to Taiwan Centers for Disease Control within 7 days after diagnosis. TB contacts are referred for pulmonologist follow-up assessments and routine chest radiography. Nonetheless, we examined the internal validity of TB contact classification using the same ICD-9-CM coding and confirmed that interobserver agreement and accuracy in identifying TB contact were excellent. In addition, patients with a certificate of catastrophic illness are free from related medical costs, especially hospital and medication costs. Pathologic confirmation of cancer is necessary to receive a catastrophic illness certificate of cancer, and all cancer diagnoses are confirmed by peer review. Because participation in the NHI is mandatory, and all Taiwanese residents can utilize health care with low copayments, follow-up of individuals is complete, with very low referral bias. Therefore, classification of TB contact and cancer diagnoses are reliable and thorough.
The increased incidence of cancer in LTBI patients is likely caused by the presence of chronic inflammation. 17 This study is the largest study of its kind to date and the first cohort study to evaluate cancer risk among LTBI patients. The power of a study is the largest and can increase the statistical power. A particular strength of this study is its nationwide, populationbased study design, which allowed us to identify nearly all cases of TB contact and cancer in Taiwan and thus minimize referral bias, as all medical care is covered by the national insurance system. Additionally, the large sample size was powered to detect even very small differences between the LTBI cohort and general population.
Our study has several limitations. First, information on some potential risk factors, as well as the behavior risk factors, including smoking, alcohol use, environmental exposure, and family history of malignancy, was not available. Nonetheless, some smoking-related health consequences could be partly reflected in the presentation of comorbidities such as hypertension and chronic obstructive pulmonary disease and coronary heart disease, which were included in the analysis. In addition, alcohol use could be reflected in the presentation of liver cirrhosis. Second, diagnoses of TB contact and cancer that is dependent on ICD-9-CM codes may be less accurate than those made in a prospective clinical setting. Nonetheless, diagnosis of TB contact by ICD-9-CM coding was validated in this study, indicating that the accuracy is excellent. Furthermore, diagnosis of TB contacts by ICD-9-CM has been widely used in epidemiologic studies. 18, 19 However, we did not validate LTBI cohort in this analysis. Patients with LTBI may be misclassified Table 1 . All variables with P < 0.1 in univariate analyses were included in the Cox multivariate analysis.
The variable with P ! 0.1 in univariate analysis was not entered into the multivariate analysis. y P < 0.001. z P < 0.05.
into comparison group and patients without LTBI may be misclassified into LTBI cohort and resulted in a misclassification bias. However, the nondifferential misclassification bias was a bias toward the null. In other words, if there is an association, it tends to minimize it regardless of whether it is a positive or a negative association. Third, the mean follow-up period was 3.30 years, which might be too short to detect cancer development. If so, a longer follow-up period would likely reveal a larger actual effect. Furthermore, the follow-up period might be not long enough to overcome the latency period for cancer and detection bias for occult cancer may occur. The comparison cohort had a longer follow-up period than TB contacts. In other words, the actual effect in TB contacts may be minimized. However, we used conditional Cox proportional hazards models to identify predictors of cancer development among patients. Follow-up time has been adjusted in these models. Finally, the external validity of our findings may be a concern because almost all our enrollees were Taiwanese. Taiwan remains a TB-endemic region. The generalizability of our results to low incidence countries requires further verification. However, our findings suggest new avenues for future research.
CONCLUSION
Cancer risk was higher in LTBI patients with TB activation (HR, 2.29) than in the general population. Interestingly, none of TB contacts who received isoniazid prophylaxis developed cancer. More comprehensive studies are needed to confirm our findings and identify the potential underlying mechanisms of cancer development in LTBI patients.
